Yersinia enterocolitica is a gram-negative rod of the family Enterobacteriaceae (1) . The organism is recognized as an important human pathogen in many countries throughout the world, particularly in Europe, Scandinavia, Canada, Japan, and the United States (3, 30) . Y. enterocolitica mainly causes enteritis with fever and diarrhea in children, whereas terminal ileitis or acute mesenteric lymphadenitis seems to predominate in adolescents and adults (14) . In some instances, metastatic abscesses and septicemia may occur, leading to increased morbidity and mortality (16) . Sequelae such as polyarthritis, thyroiditis, and Reiter's disease develop in some patients following Y. enterocolitica infection (3) . In some of these patients a correlation with human leukocyte antigen B27 has been demonstrated (13, 15) .
Y. enterocolitica has been recognized as a human pathogen since 1939 (27) , but study of the disease has suffered from the lack of a suitable animal model. Carter et al. (10) and Carter and Collins (8) successfully produced disease in mice with the WA strain, which was isolated from the blood of a patient in upstate New York. Infection in mice closely resembles that in humans (6) . Since this first description of a murine model of Y. enterocolitica infection, relatively little information has emerged concerning immunity to Y. enterocolitica in both humans and animals. On the other hand, considerable work has been done on plasmid-mediated Y. enterocolitica virulence factors and outer membrane proteins (2, 4, 11, 19, 21, 23, 31, 32) .
We report here that host resistance to Y. enterocolitica in mice differs between strains. Furthermore, genetic determinants that provide Y. enterocolitica resistance appear to be unrelated to known genetic determinants (Ity) that code for immunity to Salmonella typhimurium which produces similar intestinal disease in humans. More importantly, the difference in Y. enterocolitica immunity between mouse strains can be detected at the intestinal level, suggesting that Y. enterocolitica can be used as a probe to study not only the role of host genotype in murine resistance to enteric pathogens but also host-parasite interactions at mucosal surfaces.
MATERIALS AND METHODS Animals. Age-matched mice were used in all experiments. C57BL/6, BALB/cBy, SWR, DBA/2, A, BALB/cBy x C57BL/6 F1, and BALB/cBy x C57BL/6 F1 nulnu and their thumus-bearing littermate strains were obtained from Jackson Laboratory, Bar Harbor, Maine. C3H/HeN and Swiss Webster strains were obtained from Charles River Breeding Laboratories, Inc., Wilmington, Mass., and Ace Animals, Inc., Boyertown, Pa., respectively. BALB.B (congenic to C57BL/6 mice at the H-2 locus) breeding pairs were a gift of K. Blank (University of Pennsylvania, Philadelphia). All animals were housed in a facility accredited by the American Association for Accreditation of Laboratory Animal Care and received food and water ad libitum. Table 1) . The C57BL/6 strain was 1,000-fold more resistant to Y. enterocolitica compared with BALB/c, BALB.B, A, DBA/2, SWR, C3H/HeN, and Swiss strains. BALB/c x C57BL/6 F1 mice were 100-fold more resistant (intermediately resistant) to Y. enterocolitica than were BALB/c mice but were more susceptible than C57BL/6 mice, indicating that there was possible gene interaction between resistant and susceptible parental strains or a gene dosage effect.
It has been suggested that Y. enterocolitica, similar to S. typhimurium, is a facultative intracellular enteric pathogen (29) . One particular locus, Ity, has been shown to code for early resistance to S. typhimurium (28) , and it was of interest to determine whether resistance to Y. enterocolitica followed the same pattern. S. typhimurium-resistant (Ityr) C3H/HeN, A, DBA/2, and SWR strains were 1,000-fold more susceptible to Y. enterocolitica than were S. typhimurium susceptible (Itys) and Y. enterocoliticaresistant C57BL/6 mice. Thus, there appears to be no association between the Ity locus and resistance to Y. enterocolitica. Furthermore, there was no association with strain resistance to Y. enterocolitica and the H-2 haplotype of the major histocompatibility locus. BALB.B mice congenic at the H-2 locus with C57BL/6 mice were as susceptible to Y. enterocolitica as were BALB/c mice.
Effect of i.v. infection on growth of Y. enterocolitica in various tissues. Because it was established from the LD50 data that C57BL/6 mice were highly resistant to Y. enterocolitica, while BALB/c mice were susceptible, a kinetic study with these strains as prototypes was performed to determine in vivo where differences in bacterial proliferation occurred. Mice of both strains were infected i.v. with 8 x 104 Y. enterocolitica, and clearance of the organism from various tissues (spleen, liver, lung, kidney) was determined ( Fig. 28 HANCOCK ET AL. strain. What is quite striking from these studies is that at no dose and in no particular organ were differences apparent between C57BL/6 and BALB/c mice during the first 24 to 48 h of infection. Thus, it is unlikely that differences in innate microbiocidal activity of fixed tissue macrophages are responsible for the differences that we observed.
Growth of Y. enterocolitica in athymic nude mice. The observed difference in Y. enterocolitica growth restriction that occurred between days 8 and 11 of infection ( Fig. 1) suggests that strain differences in resistance to Y. enterocolitica are due to immune-mediated mechanisms. To help determine this, athymic BALB/c x C57BL/6 F1 nulnu mice and their thymus-bearing littermates were compared for their ability to restrict Y. enterocolitica growth ( Table 2) . Seven days after i.v. inoculation of Y. enterocolitica, nude mice had significantly greater numbers of Y. enterocolitica in their tissues than did their thymus-bearing littermates. These results indicate, then, that resistance of the C57BL/6 strain to Y. enterocolitica is at least partially determined by thymus-dependent immune mechanisms. (Fig. 2) . Initial colonization of Y. enterocolitica to terminal ileal mucosa was the same for both mouse strains ( Fig. 2A) (Fig. 2B ). This result is in contrast to that obtained with i.v. infection, in which no differences were observed early in infection (Fig. 1) .
A striking feature of the oral infection experiments was that in BALB/c mice, despite high PP levels of Y. enterocolitica, no organisms could be reproducibly recovered from mesenteric lymph nodes or spleen (negative data not shown). Thus, it appears that BALB/c mice are capable of restricting the infection to the intestinal wall. Despite this, after oral infection many BALB/c mice developed diarrhea and died 10 to 20 days postinfection. (12, 20, 22 (Fig. 1) , initial restriction of Y. enterocolitica was similar in both susceptible BALB/c and resistant C57BL/6 strains. These results suggest that genotypic strain differences in restriction of Y. enterocolitica are not due to strain-restrictive differences of Y. enterocolitica by resident tissue phagocytes. In fact, results indicate that genetic strain differences between susceptible BALB/c and resistant C57BL/6 mice are due to strain differences in specific antiyersinia immune mechanisms which appear later in the infection because athymic nude mice were more susceptible to Y. enterocolitica than were their thymusbearing littermates (Table 2) . This indicates that a thymusdependent immune response is at least partially responsible for the resistance of the C57BL/6 strain. This is under investigation. A consistent finding in our studies was that Y. enterocolitica in BALB/c mice often grew in the lungs. This was frequently the only site of infection (especially at a low level of infection). It Because of similarities in the natural route of infection and the subsequent intestinal disease between S. typhimurium and Y. enterocolitica (7, 9) (Figure 2A) . Furthermore, strain differences in ileal mucosal Y. enterocolitica colonization could not be detected until BALB/c PPs contained 106 Y. enterocolitica. These differences probably resulted from shedding of Y. enterocolitica into the ileal lumen from the PPs and their subsequent reattachment to ileal epithelial cells. Results of other studies have demonstrated that orally infected mice may shed Y. enterocolitica in their feces for several weeks (25) . Therefore, the results suggest that strain differences in the level of PP infection between C57BL/6 and BALB/c mice do not appear to be due to differences in ileal mucosal colonization. Instead, our results suggest that strain differences in resistance to Y. enterocolitica occur at the PPs, either within the PPs or at the PP surface. C57BL/6 mice were able to restrict Y. enterocolitica growth in PPs better than BALB/c mice (Fig.  2B) . A 10,000-fold difference in PP numbers could be demonstrated 8 days postinfection. Therefore, our results suggest that genotypic strain differences in natural immunity to an enteric pathogen are expressed at the level of the PPs. Previously, we demonstrated that macrophage-mediated nonspecific immunity to enteric pathogens at the PP level appears to be unlikely because of the paucity of PP macrophages (17, 18) . The intriguing possibility of as yet undetected nonspecific PP effector cells that are responsible for natural antibacterial immunity offers a potential explanation for genotypic strain differences in oral-induced yersiniosis. However, perhaps other nonspecific mechanisms, i.e., genotypic strain differences in the inflammatory response or strain differences in resistance to Y. enterocolitica PP penetration mechanisms, are important in natural resistance to Y. enterocolitica. Studies are in progress to detect such strain differences.
